Like many other coastal cities in West Africa, Dakar is prone to several coastal hazards. The most serious among these hazards is coastal erosion. The Geology of Dakar is mainly dominated by Tertiary igneous rocks, and overlying Quaternary sediments. So far, the area covered by the sediments suffers severe erosion as a result of adverse natural processes and human interferences.
Introduction
Dakar (Fig. 1 ) is located at the western margin of Senegal, West Africa. The coast has been recently damaged by serious erosion, which has various causes resulting from human activities and natural processes. It is related to a number of phenomena among which the geological and geomorphological setting and waves action during rough-sea seasons play a significant role as well as excessive sand removal from beaches and dunes, and building construction on the seashore. This paper deals with the geological and geomorphological setting of the area in which erosion occurs especially the northern coast of the Dakar city at the Yoff district, and the causes and mechanisms of coastal erosion in not only natural, but also manmade viewpoint. Various tools have been used such as topographic surveys for short time trends, and aerial photographs for the long-term sequence of the shoreline. Dakar plateau 50m high above sea level. It consists mainly of Tertiary volcanics such as basaltic, doleritic and tuffaceous rocks, and sedimentary rocks. The N'diass horst reaches a height of 105 m and is formed of Quaternary volcanic deposits1,2) . The morphology of the two horsts is accentuated by the occurrence of recent volcanic cones composed of both volcanic ash and basaltic lavas.
The horsts develop indented and cliffy shorelines that have preserved a less degraded structure. On such shorelines, the direct impact of waves is consequently reduced, which slows erosion.
Between the two horsts is a large graben mainly dominated
by Quaternary sediments, which shows the lowest topographic point since altitudes rarely rise 5 m above sea level. Long after the Tertiary volcanism, intense erosion of the horsts occurred during early Quaternary. Mechanical alteration of the igneous rocks occurred by typical weathering of the dolerite facies and dislocation of the rocks along joints, leading to the formation of erratic blocks. Chemical changes were initiated with the decomposition of individual grains. This phenomenon is well known in tropical regions.
For more than a million years, a thick clay deposit accumulated in the graben. Following diagenesis, the clay minerals formed and accumulated. During the Holocene, sandy clays and dune sands were deposited on the crystallized clay minerals. The following geomorphological units are distinguished in the graben (Fig. 3) .
Coastal sand dunes, situated along the northern coast including two major groups: the live coastal sand dunes spread out at the back of the high beach, and the young dunes stretch out behind the live coastal sand dunes. These are set up by N-S oriented littoral drift from 4,000y BP after the Flandrian transgression3).
The Ogolian Erg 2m-15 m BP) is located in the central and northern part of the Dakar area. It includes longitudinal dunes running in NE-SW direction, separated by damp interdune corridors'.
The limestone plateau of the Bargny-Rufisque district, whose substratum is composed of limestone and Marl of Eocene age.
In the graben, geomorphological units are characterized by low topography, high permeability and less resistant materials. The characteristics of the geomorphological units in the graben are one of the main causes of the vulnerability of the Dakar city to coastal erosion. Strong tidal waves generated by winter trade wind and large swell propagating from the Sainte Helene and the Azores anticyclones, cause heavy erosion. These tidal waves are characterized by a wavelength of 300 meters, a 14 seconds period, celerity of 12 meters. Incident tidal waves are strengthened by exceptional NNW-SSE oriented winds blowing at 32m/s according to Adjoussi4). The average wind speed was 4.3 m.s-1 /year, as shown in Table 1 recorded at the Yoff district5). They struck the coast with energy of 184 w/m6), and removed sediments shoreward to form offshore sand bars7).
In addition, the ebbing tide gives birth to very fast local currents that erode the nearshore bottoms and transport sediments seaward. During this period, coastal dunes maintain a constant landward sand supply. In calm-sea season, waves of gentle steepness set up, and offshore sand bar moves gradually back toward the coast. Consequently, the shoreline widens4) . Thus, fluctuations of the shoreline are due to typical seasonal change; erosion occurs in a rough-sea season, while accretion takes place in calm-sea season between June and October. However, this natural process of shoreline variation is altered by inappropriate intervention of manmade impacts in the coast, leading to further escalation and massive scale of coastal erosion. Modified from Adjoussi4). Table 1 Monthly frequency of wind speed of each wind direction in the decade of 1989 to 1999 in Dakar. Notice that the number of each box indicates frequency of the speed shown in the bottom number (average yearly speeds m/s) which was derived from National Direction of Meteorology (NDM), and that the empty box means no available data .
Manmade impacts
Since 1973, a period of almost continuous drought led to a significant movement of the population from the rural areas to the Dakar city. Opportunities for employment encouraged steady migration towards the Dakar city, in which concentrates 90% of the country's industries and key infrastructures8). This led to a major expansion of the town, namely the Dakar city is experiencing rapid population growth of 3% per year8). Currently, more than 40% of the national populations are living within this area that represents only 0.28% of the national areas. Unfortunately, there was little or no planning or management of this urban development. Subsequently, this led to the increase in pressure on the space, and anarchic occupations.
As a result, there has been building construction on the seashore, disrupting the flux of landward sediment supply to the coast during tidal waves period, and massive extraction of sand and gravel from beaches and dunes for construction material.
The construction boom was translated into anarchic occupation of the space. Buildings are constructed so close to the shore that it leads to interruption of the flux of landward sediment supply. Construction on the seashore disrupts the natural pathways of sediment movement landward to the coast. In fact, dunes and the other landward deposits supply sand to the coast in response to wind force and strong eroding waves during rough-sea season. Erosion accelerates because this flux of sediment supply is interrupted.
Local populations have always removed sand from beaches for various uses such as filling up of roads and construction materials. The quantities of sand removed were very high. Following the concentration of people in Dakar and the surrounding areas, sand extraction has become almost an industrial activity with several networks4). The undeniable profitability of the activity urges the peasants from the countryside to cities for settling and making a trade. The other reasons of the escalation of sand extraction in the Dakar city lay in the fact that sand extraction sites are close to the building sites, and sediment grain-size distribution that varies between 0.4 mm and 0.6 mm with an average of 0.5 mm (see sediment grain size given in Table 2 )is very suitable for construction material according to building contractors.
Several new districts of habitation have been created.
Simultaneously, several sites of inflow from littoral drift is smaller, and beaches take a long time to adjust from erosion to deposition.
Thus, the land recedes because the equilibrium between erosion and deposition is changed. Furthermore, massive sand removal led to decrease in elevation of beaches and dunes. Consequently, the shoreline becomes more exposed to tidal waves action and sea level rise.
Sea level rise
The analysis of sea level variation indicates an insignificant rise of 0.9mm from 1963 to 2001, as shown in Fig. 5 .
The decrease in elevation of dune sands that are a natural buffer protecting the coast against tidal waves9) , leads to overtopping of seawater during rough-sea season and high tide. Dune sands retreat by avalanching, involving cascades of sand, and maintaining the slope at the angle of repose. As a result, in several sub-districts such as of Tonghor, N'denate, and Dagoudane in the Yoff district, the first ranks of dwellings are lying beneath seawater.
In the Yoff district, the outer row fisher village houses have already been destroyed by the sea and thus abandoned.
Field research of Dakar coast

Methodology
In order to evaluate the impact of sand extraction on the short-term sequence of the Dakar coast, a segment of the northern coast at the Yoff district coast, has been researched in the field (inspired from N'dour10)). On this segment, four stations have been installed11) for monitoring of the shoreline change on the northern coast in particular, at the BECEAO, Layenne, and Beverly Hills beaches as shown in Fig.5 . Interval distances between stations P1, P2, P3 and P4 are 330 meters, 315m, 270m and 190m, respectively (Fig. 6  a) . The distances have been measured using GPS device.
The purpose of the research was to evaluate the impact of sand extraction on the short-term sequence of the considered profiles thanks to the permanent observation points X1, X2, X3, X4 (Fig.6b) . Topographic surveys demonstrated low change in the profiles and significant shoreline recession along the northern coast of Dakar.
The method of Aerial Videotape-Assisted Vulnerability Analysis (AVVA) developed by Nicholls (in Dean12 ) ), was partially used. It was focused on the analysis of video-tape combined with the archived data of coastal zones.
A spatial approach was used to determine the Sand extraction depends on the law. However, it is unfortunate that there are no attempts to apply the law as well as existing town-planning policies. In conclusion, the vulnerability of Dakar against several coastal hazards is a factor so important that full account of it must be taken, considering any new proposal for urban development and planning.
It is hoping of acceptable solutions that can minimize land losses. It should be taking into account the role and place of Dakar in the national economy.
